Abstract The color choice behavior of the tsetse fly with odor bait and without odor bait was investigated in the field in Ngruman, Kenya. Traps were made using a mixture of blue and green pigments in different ratios and then checked for their trapping efficiency. The effects of color in trapping without odor bait was the same as previous reports, i.e. more flies are attracted by blue compared with other colors. Trapping efficiency was generally augmented when odor bait was used, Howevet, trapping efficiency decreased when odor was presented with a pure blue cloth and increased at the blue-green cloth. It is concluded that blue-green cloth is the most useful material from which to make traps in order to control the tsetse fly, and thereby the incidence of sleeping sickness.
a tsetse fly sucks the blood of a host animal, the blood taken into the intestine of the fly will contain these trypanosomes. Probably, the best method for eradicating trypanosome diseases is therefore to annihilate the tsetse flies, but this is neither easy nor cheap. Traps and targets have great potential as tools for sampling and control of tsetse flies. These traps and targets can use both visual and olfactory stimuli as long distance cues.
In laboratory experiments, ultraviolet light is particularly attractive in a phototactic choice situation. A peak in the UV (300-350 nm) is followed by a drop between 375 nm and 4fi) nm, there is a plateau in the blue between 400-450 nm, and then a sharp drop in the attractiveness of light towards the green (475'500 nm). There is a further shallow peak in the red at about 625 nm, followed by a decline to a minimum at 700 nm (Green & Cosens, 1983) . Green and Flint (1986) investigated color discrimination by tsetse flies using 53 differently colored traps in the field. They showed that materials which selectively reflected light in the bluegreen and red bands (royal blue, red) tended to be attractive, and ultraviolet bands unattractive.
Among these color cues, royal blue was shown to be the most attractive.
Tsetse flies are attracted to the vicinity of a stationary host by olfactory detection of host odor (Yale, 1974; Vale & Hall, 1985) . When resting on the ground they can orient upwind on stimulation by host odor (Bursell, L987) , and there is also evidence to suggest that tsetse flies can assess wind direction while in flight (Gibson & Brady, 1988; Colvin et a1.,1989 They move up to the hole because of positive photo-and negative geo-taxis (Green, 1990) . The cage was retrieved after 24 hr. to count the number of tsetse flies. To control tsetse flies, plistic bag replaces the cage: flies move into the plastic bag and are killed by heat inadiation from the sun' orientation towards odor and are trapped most efficiently with a blue cloth target, so until now a blue cloth trap has been used with cow urine as an odor bait in order to remove tsetse flies in the field'
We here systematically investigated the tsetse-fly trapping efficiency of new traps which reflect different parts of the spectrum detectable by the tsetse fly retina, with or without an odor bait.
MATERIALS AND METHODS

Making traps
The Ngruman 2Btrap type (Brightwellet al., L987) was used for this experiment (Fig.la,b 
RESULTS
Attraction to color without and with odor bait
The effect of green color in trapping without odor bait was investigated. The trapping efficiency of the six differently colored traps is shown in Fig.3 a,b . Without odor bait, the highest attractiveness was shown for the pure blue trap in males of both Glossina pallidipes and G.longipennis. ln the G.pallidipes female, high attractiveness was observed in the blue to greenish blue region (I, il, 11I, IV) (Fig.3 a) ' The highest attractiveness in G.longipennr,s. female was with trap of color III (Fig.3 b) .
The artificial host odor used was cow urine with acetone to compensate for missing odor components of cow hosts (Vall & Hall, 1985) . When the odor baits were used, the trapping efficiencies increased and the attractiveness of different colors changed (Fig.3 c,d ). The tsetse flies captured during this experiment showed the most attractiveness to greenish blue: both males and females of G.pallidipes were attracted by trap using color IV ( Fig.3 c) ; and both sexes of G.longipennis were gathered using III (Fig.3 d) .
The difference of total number of captured flies between with odor bait and without odor bait
The total number of flies captured, classified by sex and species, are shown in Fig.4 . The number of flies captured increased when the odor bait was placed under the trap. Tlvice the number of flies were captured n G.pallidipes (Fig.4 a,c) , and three to four times were in G.longipennis (Fig.4 b,d) . The attractiveness to different colors did not change for females of. G.longipennis (Fig.4 d) RBv slightly affected in females of G.pallidipes (Fig.a b) .
Comparison of spectral reflectance of host animals and foliage
Examples of the spectral reflection of host animals and plant leaves in Ngruman are shown in Fig.5 (Hargrove, 1980) . For mobile objects, a black horizontal oblong is more attractive than a vertical one (Vale' 1974) . With cloth targets, phthalogen blue (the same cloth as no.I in the present paper) has.been considered to be the most attractive color, and yellow the least, with black, red, violet and white intermediate (Green & Flint, 1986; Green, 1990) . These reports have shown that flies use vision in their orientation to targets.
It is still not clear, however, why the flies prefer the blue cloth (Green, 1986) ' Do the hosts of the flies reflect predominantly blue color? The spectrum of color reflection in several host species shows a ),. max at 530 nm and no peak in the blue region (Fig.S) . Hardie et aL (L989) examined the retina of the tsetse flies using anatomical and electrophysiological techniques. Photoreceptor cells R1-6 have similar spectral sensitivity to those in Musca. Generally, the fly retina contains five spectral classes of photoreceptor: R1-6, R7p, RSp, R7y, R8y (Hardie, 1985) . The two spectral classes of R7 have predominantly ultraviolet sensitivity, and the spectral sensitivity of the R8 cells encountered in the tsetse fly resembles that of the R8y cell of Musca( ?'. max, 520 nm). From our knowledge about the vision of flies, the central retinula cells (R7 and R8) are thought to be the ones involved with color discrimination (Menzel, t979) . Fig.6 is a color triangle of the visible color area in the present experiments. However, there was no apparent difference in color group between traps and host.
Flies can learn to discriminate a set of stimuli on the basis of color. Intensity is not involved in this ability (Troje, L993) : Lucillia, for example, cannot learn on the basis of pure intensity differences.
Thus it follows that learning success must be based on color vision, regardless of how the intensities ofthe stimuli are adjusted (Fukushi, 1985) . The intensity ofthe reflectance ofour traps decreased with an increase in the amount of green paint applied (Fig.2) . The intensity of the reflectance of unpainted green cloth (VI) was the highest in these experiments, including UV reflection, but its trap efficiency was the lowest. These results appear to confirm that color discrimination was not caused by the light intensity of reflected light, and that the color choice behavior of the tsetse flies seems to be due to previous learning about their hosts.
On the other hand, Vale and Hall (1985) (Yale, 1974) . In our experiment, the trapping efficiency with odor bait was greater than without odor bait, and color prefererice changed apparently from blue to blue-green (Fig.3 & Fig.a) ' In both sexes of G.pallidipes, the number captured with a blue trap was almost the same either with or without odor bait. When odor baits were included, the number increased twice to three times with blue-green (IV) (Fig.a a, c) . These results indicate that the visual stimuli of color also plays an important role in attracting tsetse flies. Previous studies on long range perception of stimuli by tsetse flies have examined on their attraction to host animals where both visual (Green & Flint, 1986) and olfactory ffall & Hall, 1985) attractants individually were used separately, and those results have been combined to make good traps. The behavior of insects with their "micro brain", can be switched plastically by environmental changes: e.g. preference for UV is high in the laboratory (Green & Cosens, 1983 ) but low in field experiments (Green & Flint, 1986) . The behavior of individual animal seems not to be simply combined individual results of each stimulants.
Tbetse flies flying upwind in a plume of odor will inevitably pass a variety of inanimate objects such as trees, bushes, and rocks, some of which may visually resemble a host (Fig.5) . When the traps were placed without odor bait, tsetse flies showed their preference for blue. The ecological meaning of this behavior might be that the tsetse flies are not attracted physiologically by blue color, rather that they do not orient to objects which include green color, in order to distinguish their host from other environmental objects, such as leaves (Fig.5) . When the traps included odor bait, tsetse flies probably seek reflected light characteristics similar to those of the host which they already learned.
Previously, blue cloth has been used to make traps for controlling the tsetse fly. However, our results show that the trapping efficiency of blue traps is relatively decreased when olfactory cues :ue presented simultaneously, and that blue-green traps are optimal to control tsetse flies. Although it is still not clear exactly which cues elicit the orientation of the tsetse fly to its host, blue-green traps have the potential to play an important role in the control of tsetse flies.
